ABSTRACT BACKGROUND: Studies aimed at recovering the zone of stasis are one of the major issues of experimental burn studies. Many drugs including antithrombotics, anticoagulants, anti-inflammatories have been investigated experimentally for saving the zone of stasis. In this study, the effect of the systemic melatonin on the zone of stasis was evaluated.
The area encircling the zone of coagulation is the zone of stasis, which is affected indirectly by the trauma. [4] The outermost layer is the zone of hyperemia with increased blood flow, representing an inflammatory response to the tissue injury. It always stays viable. Investigations on the pathobiology of the zone of stasis revealed that irreversible tissue necrosis ensues with progression of hypoxia and ischemia in 1-48 hours, resulting in total loss of this intermediate zone. [4] In this zone, petechial hemorrhage, vascular thrombosis, increased vascular permeability and local edema are seen. Local edema increases the severity of hypoxia. Diminished circulation in this region results in progressive ischemia. Maintaining adequate blood flow and vessel patency can save viable tissues and dermis of this zone of stasis. [5] Both hypercoagulability and systemic activation of white blood cells are reported as underlying reasons of progressive tissue injury in this zone. Relying on experimental studies, treatment modalities, such as increasing tissue tolerance to ischemia, enhancement of perfusion and inhibition of inflammatory response, have been proposed to enable salvage of this zone. The use of antithrombotic, anticoagulant, anti-in-
INTRODUCTION
Salvaging the zone of stasis is of clinical importance for burn specialists because saving this zone prevents the potential increase in the depth and width of the burned area, thereby decreasing mortality and morbidity. [1] Based on the severity of destruction and blood flow alterations, three distinct zones of tissue injury can be distinguished. Jackson described these three zones in 1947. [2] The zone of coagulation is the central zone, which is directly and irreversibly affected by the burn. Coagulation necrosis is the characteristic sign of this area. flammatory and antioxidant medication has all been studied. [4] The hormone melatonin (N-acetyl-5methoxy-tryptamine) is produced by the pineal gland. Melatonin is known to exhibit free radical scavenging ability and reduces neutrophil accumulation. [6] The scavenging ability of melatonin is more effective than other intracellular antioxidants. [7] The aim of this study was to test the effects of melatonin, the chief secretory product of pineal gland and a highly effective antioxidant, on saving the zone of stasis in rats.
MATERIALS AND METHODS

Animals and the Burn Model
In this experiment, twenty Wistar albino rats weighing 250 to 275 g were used. The animals were caged individually at room temperature with a 12 h light /dark cycle and had free access to water and standard laboratory food for rats. General anesthesia was induced with intramuscular ketamine (10%) 80 mg/kg and xylazine (2%) 10 mg/kg. The dorsal skins of the rats were shaved. A metal comb 1x2 cm in size was immersed in boiling water for 5 min, until thermal equilibrium was achieved between the comb and the water. The heated comb was placed on the back of the rat 0.5 cm lateral and parallel to midline and held for 20 sec without pressure (Fig. 1) . Four burn areas (1x2 cm) and three interspaces were created on one side. The same burn model was made on the other side of the rat's back again 15 min later (Fig. 2) . Twenty rats were randomly separated to control (Group 1) and experimental (Group 2) groups. Each group was consisted of ten rats. Thirty minutes after burn injury, the treatment group was treated with melatonin. The control group received no treatment. Daily intraperitoneal melatonin injection 10 mg/kg continued for 7 days.
Photoanalysis
Daily photographs of the burned areas in both groups were taken under diethylether anesthesia. The initial surface of the burned area was assigned as 200 mm 2 . Auto CAD computer programme was used to calculate the burned areas in the photographs. By placing milimetric ruler in each photograph, calibration was done for the calculation of the burned area in square millimeter (Fig. 3) . Necrotic areas were calculated and the obtained values recorded ( Table 1 ). The total necrotic areas between the two groups were compared.
Histological Analysis
The rats were sacrificed 7 days after burn injury. Skin biopsies were taken from full thickness burn areas. Samples were fixed in neutral buffered formalin and embedded in paraffin me- 
Statistical Analysis
In order to evaluate the differences in datas of edema, congestion, inflammatory infiltration, vascular proliferation and fibrosis, Chi square test was used. Student-T test was used to assess the numeric data for necrotic burn and zone of stasis areas. Significance was assigned at p<0.05.
RESULTS
No deaths occurred during this study. At the end of 7 days gross observation revealed that in the experimental group, most of the interspace areas appeared to be alive while in the control group; the interspace areas were necrotic in appearance. The mean percentage of the calculated necrotic area by Auto CAD programme and measurement of the distance of the stasis zone by Visual Analyzing programme in the control group was higher than that of the experimental group.
Comparison of the data obtained by AUTO CAD program showed statistical significance (p<0.05). All the data obtained from the investigation of histopathological parameters including edema, congestion, inflammatory infiltration, vascular proliferation and fibrosis was found to be higher in the control group when compared with the experimental group (Figs. 6a, b) . The difference between the groups were all statistically significant (p<0.05).
DISCUSSION
As long as proper interventions are undertaken during the first 72 hours following thermal injury, tissue damage in the zone of stasis may be reversible. The comb burn model first described by Regas and Erlich has been found to be ideal for research on the zone of stasis [8] and has been used in many experimental models until today. Inflammation, ischemia and oxygen free radical formation affect the viability of the zone of stasis. Relying on experimental studies, treatment modalities, such as increasing tissue tolerance to ischemia, enhancement of perfusion and inhibition of inflammatory response, have been proposed to enable salvage of the zone of stasis.
Ischemia reperfusion stimulates inflammatory cells to generate reactive oxygen species (ROS) in many tissues especially after burns. Free oxygen radicals and peroxidases increase following cutaneous burn. Production of oxygen derived free radicals result in the disruption of plasma membranes. The major targets of ROS are long chain-polyunsaturated fatty acids of cellular phospholipids. Antioxidants prevent potential cellular damage resulting from ROS. Melatonin is a safe and non-toxic molecule, penetratingcells to scavenge free radicals. [9] It is highly lipophilic, and it passes easily through biological membranes. [10] This is an advantage for melatonin over some other antioxidants, which penetrate cells more slowly. It also acts synergistically with antioxidant agents such as vitamins C, E and glutathione. [11] Melatonin activates glutathione peroxidase (GSH-Px) and reduces lipid peroxidation. [12, 13] It also stimulates superoxide dismutase and inhibits human platelet aggregation and thromboxane production. [14] Urata et al. have found that the rate limiting enzyme in GSH synthesis, gama-glutamylcysteine synthetase, is increased after the administration of melatonin to rats. [15] Burn injury causes systemic activation of leucocytes and accumulation of white cells in microcirculation. [16] Neutrophil recruitment and adherence to the endothelium following burn injury decreases the lumen diameter [17] and results in microvascular compromise. Bertuglia et al. have reported that treatment with melatonin completely inhibits microvascular edema formation, reduces the number of leukocytes sticking to venules, and preserves microvascular perfusion. [18] It has been shown that antibodies which block adhesion of neutrophil to endothelial cell following 30 min following burn improve blood flow in the zone of stasis. [19] [20] [21] Melatonin blocks the synthesis of adhesion molecules, which increase leukocyte infiltration into the damaged tissue. Melatonin increases, but gluthatione decreases NO levels. Although NO is an essential molecule, it is also a free radical and its production is not always beneficial. Excessive NO production has harmful effects in microcirculation. When the production of NO increases, its production must be controlled. The reaction of NO and superoxide anion generates peroxynitrite (ONOO -). ONOO -, which is a highly reactive molecule, reacts with cellular component (e.g. membrane lipids and proteins), disturbing their function and consequently cellular hemostasis. [22] Melatonin has an inhibitory effect on NOS activity. Tissue NO level was reduced after melatonin treatment in a rat skin flap ischemia-reperfusion model. [23] In this experiment, melatonin significantly decreased malondialdehyde (MDA) levels, which is an end product of lipid peroxidation and elevated the GSH content. MAD is generated as a result of toxic effects of active oxygen radicals. It destroys unsaturated fatty acids in the cell membranes. In addition, melatonin inhibits the production of tumor necrosis factor. [24] TNF-α is known to induce neutrophil and endothelial cell activation. [25] Ce- rium nitrate [26] and N-acetylcysteine [27] was found to be effective in saving the zone of stasis by decreasing the level of TNF production.
An ideal pharmacological agent for saving the zone of stasis should have the following features: safety, clinical availability, and easy administration. Melatonin fulfills all of these criteria. Anti-thrombotic agents have serious side effects that restrict their clinical use; whereas, melatonin has a very little side effect potential.
Melatonin induced microvascular protection is the result of its scavenging effect on free radicals. In the present study, use of melatonin due to its antioxidant effect showed favorable results in saving the zone of stasis. In conclusion, systemic usage of melatonin may be considered as an effective method to prevent the cells in the zone of stasis to go under necrosis and possible extension of burn area.
